BACKGROUND: There have been no prior populationbased studies of variation in performance of hospitalists. OBJECTIVE: To measure the variation in performance of hospitalists. DESIGN: Retrospective research design of 100 % Texas Medicare data using multilevel, multivariable models. SUBJECTS: 131,710 hospitalized patients cared for by 1,099 hospitalists in 268 hospitals from 2006-2009. MAIN MEASURES: We calculated, for each hospitalist, adjusted for patient and disease factors (case mix), their patients' average length of stay, rate of discharge home or to skilled nursing facility (SNF) and rate of 30-day mortality, readmissions and emergency room (ER) visits. KEY RESULTS: In two-level models (admission and hospitalist), there was significant variation in average length of stay and discharge location among hospitalists, but very little variation in 30-day mortality, readmission or emergency room visit rates. There was stability over time (2008-2009 vs. 2006-2007) in hospitalist performance. In three-level models including admissions, hospitalists and hospitals, the variation among hospitalists was substantially reduced. For example, hospitals, hospitalists and case mix contributed 1.02 %, 0.75 % and 42.15 % of the total variance in 30-day mortality rates, respectively. CONCLUSIONS: There is significant variation among hospitalists in length of stay and discharge destination of their patients, but much of the variation is attributable to the hospitals where they practice. The very low variation among hospitalists in 30-day readmission rates suggests that hospitalists are not important contributors to variations in those rates among hospitals.
H
ospitalists are physicians who specialize in the care of hospitalized patients. There are advantages and disadvantages to the "hospitalist" model. The potential advantages stem from greater efficiency and expertise from physicians concentrating just on inpatient care. [1] [2] [3] [4] [5] The potential disadvantages derive from discontinuities in care: the unfamiliarity of the hospitalist with the patient and the communication errors that might occur during transitions from outpatient to inpatient, and vice versa, between different physicians. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] The negative impact of discontinuity on quality of care may be greater in the elderly.
We have used 5 % national Medicare data to describe the growth of hospitalists from 1996 through 2006, 17, 18 to evaluate the association of care by hospitalists with length of stay, [17] [18] [19] [20] to assess how the impact of hospitalists varies by patient and hospital characteristics, 18 to examine how hospitalist care affects continuity of care, [21] [22] [23] to describe the growing role of hospitalists in caring for surgical patients, 24 and to describe the outcomes of hospitalist care. 19, 20, 23, 25 We found that hospitalist care was associated with shorter length of stay and lower hospital costs, but with higher medical costs post-discharge. 19, 20 In addition, patients receiving hospitalist care were less likely to be discharged to their homes and more likely to been seen in an emergency room (ER) in the 30 days after discharge. 19, 20 Variation in outcomes and quality of care that cannot be explained by illness severity, patient preference, or "unwarranted variation", indicates an opportunity to decrease the cost or improve the effectiveness of healthcare. [26] [27] [28] [29] There is a substantial literature demonstrating that quality and outcomes of medical care vary among providers, and that this can be measured. [30] [31] [32] [33] [34] However, to our knowledge, there have been no prior studies of variation in care among hospitalists. For example, are there significant, reproducible differences among hospitalists in the length of stay of their patients, in the percent of patients who are discharged home compared to a skilled nursing facility (SNF), or in 30-day readmission rates? What are the relative contributions of hospitalists, hospitals and patient case mix to readmission rates and other measures? In this report, we use 100 % Texas Medicare data to study 1,099 hospitalists practicing at 268 hospitals in Texas, and use multilevel models to study variation in length of stay and outcomes of care at the level of the individual hospitalist. 
METHODS

Source of Data
Identification of Hospitalists
Hospitalists are defined as generalist physicians (general practitioner, family physician, internist or geriatrician) who had at least 100 evaluation-and-management (E&M) billings in a given year and generated at least 90 % of their total E&M billings in that year from inpatient services. 17 17 In sensitivity analyses, we varied the minimum number of E&M billings required for identification of hospitalists, and also the percentage of those bills from inpatient services. This had relatively small effect on the number of hospitalists identified. For example, raising the number of E&M charges to 200 from 100 decreased the number of hospitalists identified from 1,099 to 1,068, while reducing the percentage of E&M charges from 90 % to 75 % increased the number from 1,099 to 1,123.
Establishment of the Study Cohort
This process is outlined in Table 1. From 2008 and 2009 MedPAR files, we started with all admissions and selected hospital admissions with a medical DRG from acute care hospitals in Texas. We excluded admissions with obstetric services, major trauma and intensive care unit (ICU) services. We excluded admissions with ICU stays, because 35 has shown that provider-level performance measures have a reliability greater than 0.8 for a panel of 100 patients with an intraclass correlation coefficient (ICC) of 0.04. Depending on the particular outcome, additional selection criteria described in the Study Outcomes section were applied. We also built a cohort in the same manner from 2006 and 2007 MedPAR files, in order to study the consistency in performance of the hospitalists across two time periods.
Covariates
We categorized beneficiaries by age, gender and ethnicity using Medicare beneficiary summary files. We used the Medicaid indicator as a proxy of low income. Information on weekday vs. weekend admission, emergent admission, and DRG were obtained from MedPAR files. Elixhauser medical conditions were identified using the claims from MedPAR, Carrier and OutSAF files in the year prior to that of the admission of interest. 36 We also assessed whether a patient had a primary care physician (PCP). A PCP was defined as a general practitioner, family physician, internist or geriatrician who saw the patient on three or more occasions in an outpatient setting (CPT E&M codes 99201-99205 and 99211-99215) in the prior year. 37 Total hospitalizations and outpatient visits in the prior year were identified from MedPAR files and Carrier files, respectively.
Study Outcomes
Hospital length of stay was obtained from MedPAR files. For each admission, we calculated a difference in length of stay by subtracting the geometric mean length of stay for that DRG obtained from the Center for Medicare and Medicaid Services from the actual length of stay. This measure intrinsically controls for case mix among hospitalists, because geometric mean length of stay differs for each DRG. We excluded outliers more than three standard deviations from the norm in order to approximate the normal distribution and analyze with a hierarchical general linear model, leaving 129,491 admissions, and 1,099 hospitalists.
Mortality within 30 days of admission was calculated from date of death in the Medicare beneficiary summary file. These analyses included all 131,710 admissions and 1,099 hospitalists in the cohort. We chose mortality within 30 days of admission rather than from discharge to avoid biases in different hospital length of stay among hospitalists. However, our analyses of 30-day post discharge mortality produced almost identical results.
We calculated the rate of admissions discharged home and the rate discharged to a Skilled Nursing Facility (SNF), obtained from MedPAR files. We excluded those who were discharged dead, transferred to another acute care hospital or had stayed in a nursing facility any time in the three months prior to the admission of interest, leaving 99,522 admissions and 990 hospitalists.
ER visits were identified by CPT E&M codes 99281-99285 and 99288 from Carrier files. To study readmissions and ER visits within 30 days of discharge, we excluded those who were discharged dead or transferred to another acute care hospital, or died in the 30 days post discharge without an event (readmission or ER visit), leaving 108,547 admissions and 1,019 hospitalists in the study cohort for 30-day readmission, and 108,226 admissions and 1,018 hospitalists for 30-day ER visits. Readmissions and ER visits were not mutually exclusive; i.e., most readmissions also had an ER visit.
Statistical Analyses
Multilevel analyses were used to account for the clustering of patients within hospitalists and hospitalists within hospitals. For differences in length of stay, a hierarchical general linear model was used. For other outcomes, we used hierarchical generalized linear models with binomial distribution. The hospitalist-specific estimates were derived from two-level models adjusted with patient characteristics and then plotted by rank, and from three-level models including hospitals. Patient characteristics included age, race/ethnicity, gender, Medicaid eligibility, emergency admission, weekend admission, DRG weight, MDC, Elixhauser medical condition (29 individual indi-cators), number of hospitalizations, number of physician visits and having a PCP in the year prior to the admission of interest. For the model analyzing differences in length of stay, DRG weight was not adjusted because it was a within-DRG comparison. Because some hospitalists cared for admissions at more than one hospital in the three-level models, we assigned hospitalists to the hospital in which > 50 % of their E&M charges occurred, and excluded admissions by those hospitalists to other hospitals. All analyses were performed with SAS version 9.2 (SAS Inc., Cary, NC). The threshold models for the partitioned variances were performed with MLwiN version 2.02. 38 
RESULTS
The final sample was 131,710 admissions cared for by 1,099 hospitalists. The median number of Medicare admissions cared for by each hospitalist was 98, and the 25 th and 75 th percentiles were 54 and 156. The characteristics of those admissions are summarized in Table 2 . The average length of stay was 4.2 days. For patients admitted from home, 81.5 % were discharged back to their home, with the remainder going to a SNF, rehabilitation or other inpatient facilities. The 30-day readmission rate was 15.8 %; 19.8 % were seen in an ER within 30 days of discharge; and mortality within 30 days after admission was 7.7 %.
Our primary interest was variation in patient length of stay, discharge location and 30-day outcomes, at the level of each hospitalist. For this, we conducted a series of twolevel models, controlling for the characteristics in Table 2 . Figure 1a shows the variation in length of stay for each hospitalist. This is a cumulative distribution showing the mean value and 95 % confidence intervals for each hospitalist, derived from the two-level multivariable model. Dark vertical lines indicate hospitalists whose average length of stay is significantly different from the mean. The patients of 198 hospitalists (18 %) had significantly shorter lengths of stay, while the patients of 214 hospitalists (19 %) had significantly longer lengths of stay. A similar pattern is shown for the percent of patients discharged home (Fig. 1b) and discharged to a SNF (Fig. 1c) , but with fewer hospitalists being significantly different from the mean. Very few hospitalists were significantly different from the mean in 30-day mortality (Fig. 1d ). There were no significant differences among hospitalists in 30-day readmission rates. For 30-day ER visit rates, only one hospitalist was significantly higher and two significantly lower than the mean (data not shown).
We evaluated the stability of hospitalist performance over time by assessing the average adjusted length of stay for hospitalists in 2008-2009 compared to their length of stay 
19.8
DRG diagnosis-related group; SNF skilled nursing facility; ER emergency room * Those discharged dead, or to another acute care hospital, or admitted from a nursing facility were excluded, leaving 99,522 discharges. In addition to the 92.5 % of patients discharged either home or to a skilled nursing facility, other discharge destinations included inpatient rehabilitation (3.3 %), chronic care hospitals (1.7 %), hospice (1.1 %), left against medical advice (0.9 %) and other (0.5 %) † Those discharged dead, or to another acute care hospital or dead without readmission within 30 days were excluded, leaving 116,228 discharges ‡ Those discharged dead, or to another acute care hospital or dead without ER visit within 30 days were excluded, leaving 108,226 discharges The two-level models described above do not account for the fact that hospitalists cluster within hospitals. Therefore, to distinguish variation at the hospitalist level from variation among hospitals, we constructed three-level models examining the contribution of patient, hospitalist and hospital to variations in length of stay, discharge destination and 30-day outcomes. Table 4 presents the proportion of the variation (ICC) at the hospitalist and hospital level for each of these measures. Also shown is the partitioned variance, which is the percentage of total variance contributed by hospitals, hospitalists and measurable patient factors (case mix). For length of stay, hospitals and hospitalists contributed roughly equally to the variation, while for discharge destination (home or SNF), the hospital contribution was larger than that of hospitalists. The variance at the hospital and hospitalist level in 30-day readmission, 30-day ER visit rates and mortality were small, but significantly greater than 0. Similarly, the ICCs for these outcomes were small. For the 30-day outcomes, the contribution of patient-level factors was one to two orders of magnitude higher than that of hospital-and hospitalist-level factors.
In all the analyses above, if a patient had multiple hospitalizations in a given year, we selected one at random to avoid clustering at the patient level. However, this method would tend to lower estimates of the rehospitalization rate. Accordingly, in supplemental analyses we included all admissions. This had almost no effect on the estimates of the ICC for readmission. 
DISCUSSION
The purpose of this study was to assess the extent of variation in the care provided by hospitalists by measures of their practice: average adjusted length of stay, discharge destination, 30-day mortality, and rates of readmission and ER visits within 30 days of discharge. We found significant variation in length of stay and discharge destination among hospitalists, a variation that was stable over time. However, much of the variation among hospitalists was because of clustering of hospitalists within hospitals. We found little to no variation among hospitalists in 30-day mortality, rehospitalization or ER visit rates, either in the two-level or three-level models. The variations in lengths of stay and discharge destination, between hospitalists and between hospitals, suggest underlying variations in hospitalist practice styles and hospital-based systems of care. The relative lack of variation at the hospitalist level in 30-day outcomes is not likely due to insufficient power, given the large number of hospitalists and substantial number of admissions per hospitalist. This suggests that the hospitalist practice styles that lead to variations in length of stay and discharge destination do not have a noticeable impact on mortality, readmission rates or ER visit rates. Several prior studies have also suggested a weak link between care in hospital and readmission rates. [39] [40] [41] First, practice styles leading to better performance on measures of hospital discharge planning are not associated with significant improvement in readmission rates. 39 Second, regional baseline admission rates (a measure of primary care practice styles and systems) have a much greater influence on readmission rates than patient or hospital factors. 40 Third, most interventions (largely impacting hospital-based practice styles or systems) have failed to substantially reduce the risk of readmission. 41 Hospitals are being held accountable for readmissions of patients they discharge. 42 Hospitals are likely to shift some of this accountability to their hospitalists. Our findings suggest that this shift may be misguided. In the three-level model apportioning variance in readmission rates among hospitals, hospitalists and measurable patient characteristics (case mix), the percent of total variance from hospitals (0.09 %) and hospitalists (0.18 %) was more than two orders of magnitude lower than that attributable to case mix (24.03 %). Our study has limitations. It is an observational study and susceptible to bias and confounding. We studied patients with fee-for-service Medicare who received care in a single large state in the USA over a two-year period. It is possible that our results may not apply to a younger population, those in other states, or during a different time period. In particular, there are substantial variations in hospital readmission rates among different regions of the USA. 39, 40 This variation would be missed in the current analyses. We excluded patients with ICU stays in this study, so our results do not apply to critically ill patients. We focused on variation among hospitalists, but did not examine the impact of characteristics of individual hospitalists (years of experience, training, etc.) on that variation. We also did not look at continuity of care, i.e., whether the patient was cared for by one, two or several hospitalist while hospitalized.
As hospitalist care continues to increase in prevalence in the USA, so does the ability of hospitalists to impact the cost and quality of hospital care. 17 Our study suggest a potential opportunity for hospitalists to further impact the cost of care by decreasing variability in their clinical practice that leads to the variation in length of stay and Fig. 1 ) * The percentage of variation attributable to the hospitalist and hospital was calculated from 3-level null models. All values presented are significantly different from zero (p<0.05) †
The models were adjusted for patient characteristics, including age, race, sex, Medicaid eligibility, emergency admission, weekend admission, diagnosis related group (DRG) weights, major diagnostic category, Elixhauser comorbidity (29 indicators), number of hospitalizations, number of doctor visits and whether the patient had an identifiable primary care physician in the year before admission. DRG weight was not adjusted when modeling the difference in LOS, because differences in LOS involve comparisons within the same DRG. The variance was partitioned using a threshold model so as to present the percentages of total variance contributed by hospital-level, hospitalist-level and patient-level characteristics (case mix). Results are presented as the percentage of total variance attributable to the indicated factor. The denominator is total variance, composed of the variance attributable to hospitals, hospitalists, measured patient characteristics and that attributable to unexplained patient characteristics plus error. All values shown are significantly different from zero (p<0.05) discharge location. Our study also suggests that an approach of making hospitalists accountable for decreasing the cost of care related to readmissions may be flawed, and could lead to unintended negative consequences. 43 
